Background and aims: The aim of this study was to determine the mortality and re-bleeding rates, and the risk factors involved, in a cohort of patients with previous diverticular bleeding (DB). Methods: In 2007, data on 2462 patients with lower gastrointestinal (GI) bleeding were collected prospectively at several French hospitals. We studied the follow-up of patients with DB retrospectively. The following data were collected: age, mortality rates and re-bleeding rates, drug intake, surgery and comorbidities. Results: Data on 365 patients, including 181 women (mean age 83.6 AE 9.8 years) were available. The median follow-up time was 3.9 years (IQR 25-75: 1.7-5.4). Of these, 148 patients died (40.5%). Among the 70 patients (19.2%) who had at least one re-bleeding episode, nine died and three underwent surgical procedures. Anticoagulation and antiplatelet therapy was discontinued in 70 cases (19.2%). The independent risk factors contributing to mortality were age > 80 years (HR ¼ 3.18 (2.1-4.9); p < 0.001) and a Charlson comorbidity score > 2 (1.91 (1.31-2.79); p ¼ 0.003). Discontinuation of therapy was not significantly associated with a risk of death due to cardiovascular events. No risk factors responsible for re-bleeding were identified, such as antiplatelet and anticoagulant therapy in particular.
Introduction
The estimated annual incidence of acute lower gastrointestinal bleeding (LGIB) ranges from 20.5 to 27.0 cases per 100,000 in the adult population at risk in the USA, and LGIB is a common indication for hospital admission. 1 Diverticular bleeding (DB), which is the most common cause of LGIB, is involved in about onethird of LGIB cases. [2] [3] [4] DB stops spontaneously in most cases (90%), although it can be severe. 4, 5 Diverticular bleeding is associated with mortality in up to 2-5% of cases. 1, 2, 4 The 5-year re-bleeding rate reported after a first episode of DB ranges, depending on the series, from 6% to 25%. 6 The frequency of diverticulosis increases with age: More than 60% of all people over 80 years of age have diverticula, and diverticular bleeding mainly affects the elderly. 3, [7] [8] [9] The risk factors responsible for diverticular bleeding have not yet been fully established. 4, 10, 11 The most widely recognized risk factor is the use of non-steroidal anti-inflammatory drugs (NSAIDs), 10, 12 but cardiovascular risk factors such as hypertension and obesity may also be involved. 13, 14 Few long-term data are available so far on re-bleeding and mortality rates after the first episode of DB. 6 The re-bleeding rates reported after a first episode of DB range from 6% to 25%, after an interval of 5 years. 4, 6, 9 In 2007, we conducted a prospective 1-year multicentric study on LGIB at 102 French general hospitals, in which the data on 2462 patients were included, 790 (32%) of whom had DB. 15 The aim of this retrospective study was to determine the mortality and rebleeding rates due to DB, and the risk factors involved in this large cohort of patients.
Patients and methods
In 2007, data on 2462 patients presenting with LGIB were collected prospectively at 102 general hospitals in France during a period of 12 months. The procedure used in this observational study was approved by the CNIL (Commission Nationale de l'Informatique et des Liberte´s [French Commission on Information Technology and Liberties]). An endoscopy was performed on 2282 (92.7%) patients. The causes of LGIB were as follows: 790 patients (32%) had diverticular bleeding, 287 patients (11.7%) had ischemic colitis, 247 patients (10.0%) were bleeding from hemorrhoids, 222 patients (9.0%) were bleeding from tumors, 190 patients (7.7%) had traumatic ulceration of the rectum or anus, 100 patients (4.1%) had polyps, 79 patients (3.2%) had angiodysplasia, 76 patients (3.1%) had infectious colitis, 72 patients (2.9%) had inflammatory bowel disease (IBD), 55 patients (2.2%) had proctitis due to radiation treatments, 42 patients (1.7%) had non-steroidal anti-inflammatory drug (NSAID)-induced colitis, 35 patients (1.4%) had miscellaneous causes, while no cause was identified in 246 patients (10.0%). Among the 790 patients with DB, 17 (2.15%) died during their index episode in 2007.
In 2013, we decided to study the middle-term outcome of the surviving patients with DB (n ¼ 773). To obtain follow-up data, the investigators at all centers were contacted by e-mail and phone: Answers were obtained on 437 patients. If no follow-up data were available, the general practitioner (GP); or as a last resort, the patient or the main GP mentioned at the patient's first admission were contacted. Data could be properly analyzed in only 365 cases (83.5%) ( Figure 1 years. This population consisted of 387 women (49%) and 402 men (51%). At their admission in 2007, the mean Charlson comorbidity score, which was available in the case of 675 patients, was 2.25 AE 1.90.
Patients who died at an early stage (before day 30 after the initial diverticular bleeding in 2007 (17 patients (2.15%)) were excluded from the study. Some patients had early re-bleeding (<30 days after the initial bleeding episode: 74 patients (9.4%)); these early re-bleeding events were not assimilated into the late re-bleeding group, but the patients in question were not excluded from the study.
In 2013, the following clinical data were recorded: age; gender; re-bleeding; death; cause of death; the use of NSAIDs, anticoagulants or antiplatelet drugs; surgery; discontinuation of antiplatelet or anticoagulants because of bleeding; the need for endoscopic therapeutic procedures or surgery; cardiovascular events such as stroke or ischemic heart disease. The Charlson comorbidity score and the presence of an initial hemoglobin level <7.0 g/dL recorded in 2007 were used as potential predictive factors of death and rebleeding. All patients with re-bleeding had a colonoscopy. The diagnosis was based on Jensen's criteria: active bleeding from a diverticulum; the presence of non-bleeding visible vessels; adherent clots; fresh blood in a localized segment of the colon; diverticular ulceration with fresh blood in the vicinity; fresh blood not present in the ileum, but present in the colon; and no other causes of colonic bleeding identified. 16 
Statistical analysis
Data were expressed as means AE SDs, or median and interquartile ranges (IQRs) from 25-75%, in the case of continuous data. We used the Student's t-test for quantitative variables and the Chi-square test or Fisher's exact test for qualitative variables in the univariate analyses.
The endpoint used in the survival analysis was death and the data were removed from the analysis at the time of the last visit. The Kaplan-Meier method was used to estimate the cumulative mortality 1, 3 and 5 years after the initial bleeding episode. The following mortality risk factors were analyzed: age >80 years, gender, late re-bleeding, anticoagulant or antiplatelet therapy, ischemic events, hemoglobin <7 g/dl and initial Charlson comorbidity score >2 during the first episode of DB. We used these factors in the univariate analysis and the multivariate analysis, using regression analysis and the Cox method.
The endpoint adopted in the re-bleeding analysis was diverticular re-bleeding, and the data were removed from the analysis at the time of the last visit or death. The Kaplan-Meier method was used to estimate the rate of diverticular re-bleeding at 1, 3 and 5 years after the first bleeding episode. The factors possibly associated with re-bleeding were analyzed: age >80 years, gender, anticoagulant or antiplatelet therapy prior to re-bleeding, Charlson comorbidity score >2, and a past history of bleeding. These factors were tested by performing univariate analysis and multivariate analysis, using regression analysis and the Cox method. A p value of <0.05 was taken to be significant.
We performed all statistical analyses using the SPSS software program, version 13.0 (IBM, Armonk, New York, USA).
Results

Patient characteristics
The initial characteristics of patients (at their first admission in 2007 for DB) are presented in Supplementary  Table 1 : There were no clear-cut differences between the patients lost to follow-up, those for whom no information could be obtained from the hospital center, and the 365 patients constituting the present study population, except for the systolic blood pressure levels <10 mmHg, which occurred significantly more frequently in patients from the non-responding centers.
The main clinical characteristics of the 365 patients in our study at their first admission in 2007 and at the end of the follow-up period are presented in Table 1 .
The 365 patients included in this study, 184 of whom were men (50.4%), had a median follow-up time of 3.9 years (25-75% IQR: 1.7-5.4). Their mean age was 83.6 AE 9.7 years at the end of the follow-up period. We had 101 patients (27.7%) whom were over 90 years old at the last news. The women were significantly older than the men at the end of the follow-up period (mean age 86.3 AE 8.5 years versus 80.8 AE 10.2 years, respectively (p < 0.0001). There were 48 (13.1%) patients who had a history of prior DB, prior to 2007.
A total of 244 patients (66.8%) were under anticoagulant or antiplatelet therapy in 2007, as compared with 217 (59.4%) at the end of the follow-up period. A total of 109 patients (28.9%) had an initial Charlson comorbidity score >2.
Re-bleeding
There were 70 patients (19.2%) who had diverticular rebleeding during the follow-up period. There were 22 patients (6.0%) who had more than one re-bleeding episode: 15 patients had two episodes, four patients had three episodes, two patients had four episodes and one patient had eight episodes. Their re-bleeding rate was 11% after 1 year and 21% after 3 years. The estimated 5-year re-bleeding rate was 30% ( Figure 2 ). Two patients underwent endoscopic treatment (clips) and three patients (4.3%) had surgical treatment (an emergency colectomy). Of the 15 patients who underwent colectomy for the 2007 hemorrhage, three subsequently re-bled. Five patients had diverticulitis during the follow-up period, including one who had a colectomy.
Among the 70 patients with re-bleeding events, nine died (12.8%); which is a significantly higher mortality rate than that observed in 2007 among the whole initial population (17 out of 790 patients (2.15%); p < 0.001). The main characteristics of the re-bleeding and the nonre-bleeding patients are presented in Table 2 .
Mortality
Between 2007 and 2013, there were 148 (40.6%) patients who died. The survival rate was 78% after 1 year and 64% after 3 years. The estimated survival rate after 5 years was 48%. The cumulative survival times calculated using the Kaplan-Meier method are presented in Figure 2 .
The main causes of death are shown in the Supplementary Table 2 . Causes of death were: heart and respiratory failure (16.9%), multifactorial causes (15.5%), ischemic events (stroke, myocardial infarctions or critical limb ischemia; 11.5%), cancer (10.8%), other causes (6.8%), re-bleeding (6.1%), infection (6.1%) and dementia (3.4%). Only nine deaths (6.1%) were directly due to diverticular re-bleeding. The cause of death was unknown in 34 (23.0%) cases in which no access to the patients' death certificates was available.
Possible risk factors for re-bleeding events ruled out Age, gender, history of bleeding, a Charlson comorbidity score >2, and anticoagulant or antiplatelet therapy before re-bleeding were not found in the univariate and multivariate analyses to be associated with diverticular re-bleeding (Table 3 ).
Risk factors for mortality
In the univariate analysis, the following risk factors were found to contribute to mortality: age >80 years (OR ¼ 3.37; 95% CI 1.94-5.88), female gender (OR ¼ 1.55; 95% CI 1-2.41), and a Charlson comorbidity score >2 (OR ¼ 2.12; 95% CI 1.28-3.54). Neither rebleeding, an initial hemoglobin level <7 g/dl, anticoagulant or antiplatelet drug therapy prior to re-bleeding, nor ischemic events during the follow-up period were found to be associated with mortality.
In the multivariate analyses, only age >80 years (HR ¼ 3.18; 95% CI 2.1-4.9; p < 0.0001) and a Charlson comorbidity score >2 (HR ¼ 1.91; 95% CI 1.31-2.79; p ¼ 0.001) were found to be independently associated with mortality. Re-bleeding did not seem to be an independent factor contributing to mortality; however, this event was rare, and 9 out of the 70 re-bleeders died (see Supplementary Table 3 ). Table 4) . At the end of the follow-up period, 217 patients were under anticoagulant or antiplatelet drugs (59.4%), 115 (31.5%) were taking aspirin, 40 (11.0%) were taking clopidogrel, 91 (24.9%) were taking antivitamin K, 28 patients (7.7%) were receiving combined drug therapy (13 patients (3.6%) were taking a combination of antiplatelet and anticoagulant drugs, 14 patients (3.8%) a combination of antiplatelet drugs and one patient was under tri-therapy). Nine patients (2.6%) were taking NSAIDs.
There were 70 patients (20%) who stopped their antiplatelet or anticoagulant treatment at least once, because of GI bleeding at some point in their history; 45 of them were taking this treatment at the end of the follow-up period. The characteristics of patients who discontinued antiplatelet or anticoagulant treatment are presented in Supplementary  Table  4 . Supplementary Table 5 gives details of the initial and last treatments, along with the risk of re-bleeding events or death.
Ischemic events
There were 35 ischemic events that occurred: 13 (37.1%) consisted of myocardial infarction, 18 of stroke (51.4%) and 4 (11.4%) were events of other kinds. Five events (three consisting of myocardial infarction and two of stroke) occurred after anticoagulant or antiplatelet withdrawal because of DB, and two of these patients died.
Discussion
The results obtained in this study on a large, unselected, prospectively recruited population of patients with DB show that one out of five of the patients in the study population ran a middle-term risk of re-bleeding again and the specific mortality rate of 13% that was recorded was higher than during the first episode of DB. In this elderly population, the mortality rate was high, but re-bleeding accounted for only 6% of the deaths; we identified age and comorbidities as the only independent risk factors contributing to mortality.
Patient age
DB usually affects people over 65 years of age. 7, 10, 15, 17, 18 In this study, the patients' mean age was higher (79.5 AE 10.2 years at the beginning of the study) than that of the patients included in previous studies, and 101 patients (27.7%) were over 90 years of age. In another recent prospective French study on 133 patients with DB, the mean age was 75.7 years, 6 and in some recent Japanese studies, the mean age ranged between 63 and 72 years. [19] [20] [21] [22] Diverticular bleeding, therefore, seems to increasingly affect old to very old people.
Re-bleeding events
Incidence. The re-bleeding rates reported in previous studies after a first episode of DB range from 6% to 47% after 5 years, 6 as is shown in Table 5 . Some authors report very high re-bleeding rates, but these rates included early re-bleeding episodes. 23, 24 In the present study, the 1-year re-bleeding rate was 11%, the 3-year rate was 21%, and the predicted 5-year rate was 30%.
Risk factors. The main LGIB and DB risk factors identified in several studies on Caucasian and Asian populations were NSAIDs, aspirin, obesity, hypertension and ischemic heart disease. 11, 13, 14, [25] [26] [27] [28] [29] Two recent meta-analyses confirm the role of NSAIDs and aspirin in DB. 26, 27 The use of anticoagulants is not thought to be a risk factor for DB, but it increases the severity of the bleeding. 11, 22, 30 Less information is available about the risk factors responsible for re-bleeding, which include: a past history of diverticular bleeding, 3, 9 regular use of NSAIDs (OR: 2.49-3.7), 13, 27, 31 antiplatelet treatment (OR: 1.70-2.39), 11, 26, 27 and obesity and visceral fat accumulation (OR: 1.00-3.19). 14, 22, 32 In our study population, the rate of use of NSAIDs was low (nine patients, three of whom had re-bleeding episodes). Aytac et al. 23 report that an advanced age at the time of initial bleeding is associated with re-bleeding events (p ¼ 0.001).
In this study, neither antiplatelet nor anticoagulant treatments were found to be independent risk factors contributing to re-bleeding and mortality. In a recent single-center retrospective study by Aoki et al., 19 only non-aspirin and dual anti-platelet drugs, but not lowdose aspirin alone, were found in multivariate analyses to be independently associated with re-bleeding events.
Effects of previous treatment for DB. Few of the present patients' initial diverticular bleeding events were treated by performing surgery or endoscopy, so we cannot say at the present stage whether this strategy may affect the natural history of the disease. Among the 171 cases of endoscopic treatment reported in the literature, 31 cases (18%) of early and late re-bleeding occurred, which is not very different from the classical re-bleeding rate of 25%. 4, 16, 33 In the present study, four out of the nine patients who initially underwent endoscopic treatment subsequently re-bled; and three out of the 15 patients who were colectomized during the previous episode rebled.
Mortality
Incidence. There are few data available on late mortality and mortality specifically due to re-bleeding. In this study, the mortality rate was found to be 40.5% and the re-bleeding rate was 19.2%.
The rates of early mortality and 30-day mortality reported in previous studies ranged between 0 and 7%, 1, 3, 19 as compared with 2.15% in the present study. There are fewer data available on late mortality and mortality specifically due to re-bleeding events. In a recent Japanese study, the LGIB mortality rate was 6.1% during a mean follow-up period of 28 months, including bleeding-related deaths (0.6%). 19 In a study by Jeyarajah et al., 18 the all-cause mortality rate 1 year after the occurrence of diverticular complications was 14.5%. In the present study, a high mortality rate was observed: 22% after 1 year, 36% after 3 years and 52% after 5 years: This is probably because of the advanced age of our study population (83.6 AE 9.8 years, mean) and the large number of comorbidities involved. The great majority of the deaths were due to common causes. DB accounted for only 6.1% of the causes of death in our study population, in line with the rates previously reported in the literature 4, 6, 21, 23 ; however, the mortality rate due to DB was 6 times higher after a re-bleeding episode than during the previous one (12.8% versus 2.15%). It is therefore possible that re-bleeding per se may increase the mortality rates, rather than age and comorbidities, as observed in this population.
Risk factors. The main risk factors known to be responsible for early mortality have mostly been studied in LGIB in general, and include: pulse !100/min, systolic blood pressure 115 mm Hg, syncope, absence of abdominal pain, rectal bleeding during the last 4 hours before evaluation, INR (international normalized ratio) > 1.5, taking aspirin and the presence of more than two co-morbidities. 30, 34 In an English study, the 1-year all-cause mortality risk factors identified after diverticular complications were: advanced age, a large number of co-morbidities and admission to an emergency ward. 18 In the present study, only an advanced age and a large number of comorbidities were found to be independently associated with long-term mortality in DB patients.
Effects of antiplatelet and anticoagulant drug withdrawal
In a large prospective study on peptic ulcer bleeding, withdrawal of antiplatelet treatment increased the risk of mortality, while continuation of the treatment slightly increased the risk of re-bleeding events. 35 In the present study, among those patients whose anticoagulant or antiplatelet therapy was stopped after the index episode of DB, only five patients out of 70 had an ischemic event (including three cases of myocardial infarction and two strokes, two of whom died): This proportion was the same as in the patients who continued to take their treatment; however, the great majority of the patients' treatments were continued, and these patients may have been carefully selected, in this context.
Strengths and limitations of this study
The strengths of our study are the large number of patients followed, who were representative of our index population attending 53 centers located all over France during a period of 1 year in 2007; the prospective nature of the initial recruitment, which meant that it was possible to obtain a clearly-defined initial diagnosis; and the overall quality of the information obtained during the follow-up period.
This study has several limitations:
1. First, because of its retrospective nature, some patients were lost as follow-up patients, some data were missing, and a selection bias may have been present (initial presentation was similar; however, between the patients who were included and those not included in the study, see the Supplementary  Table 1 ). 2. Second, the information about patients' treatment was collected in 2007 and at the end of the followup period, and there the need to stop treatment for bleeding was noted. We had no information about the patients' drug observance; however, some patients may have stopped and resumed their treatment several times. 3. Third, we had no information about the patients' body mass index, although it was suggested in previous studies that obesity may be associated with the risk of re-bleeding events. 22 
Conclusions
In this retrospective nationwide study on DB, rebleeding events occurred in one out of five patients, and the mortality rate (12%) was 6 times higher than that associated with the first episode. The mortality rate was high in these fairly elderly patients with multiple diseases, but re-bleeding was only responsible for 6% of the deaths recorded during the study period. No significant increase in the risks of re-bleeding or the mortality was observed in patients whose antiplatelet therapy and anticoagulant therapy was continued, nor was a particularly high risk of ischemic events observed in those patients who had treatment discontinued.
